INTRODUCTION
============

Flexibility and strength are considered part of the five basic components of health-related fitness and, adequate levels of both are required to ensure quality of life, postural stability, balance, and sports performance ([@b1-ijes-10-03-354],[@b2-ijes-10-03-354],[@b3-ijes-10-03-354]). Sex, physical aptitude, age, and training specificity can affect flexibility. Increased flexibility has been shown with isolated resistance training in healthy young adult women ([@b8-ijes-10-03-354],[@b15-ijes-10-03-354],[@b17-ijes-10-03-354]), middle-aged (mean age 37 years) ([@b9-ijes-10-03-354]) and elderly women (mean age 68.9 years) ([@b4-ijes-10-03-354]) and has also been shown in groups composed of both men and women due to performing only resistance training ([@b10-ijes-10-03-354],[@b11-ijes-10-03-354]), in healthy adult men ([@b5-ijes-10-03-354],[@b16-ijes-10-03-354],[@b18-ijes-10-03-354]), as well as elderly men (mean age approximately 70 years) ([@b6-ijes-10-03-354],[@b7-ijes-10-03-354]). All of the above studies ranged in training duration from 4 to 16 weeks, except for one study examining flexibility increases in elderly men due to six months of resistance training ([@b6-ijes-10-03-354]). Additionally, the longest duration study (16 weeks) examining flexibility changes in healthy young women measured flexibility only by sit-and-reach test ([@b17-ijes-10-03-354]). The longest duration study examining flexibility increases with tests other than the sit-and-reach test in healthy young women is eight weeks ([@b14-ijes-10-03-354]) and 11 weeks for healthy young men ([@b18-ijes-10-03-354]). Thus, there is a lack of studies examining flexibility increases in healthy young adults during long-term resistance training.

The training programs of the majority of studies showing increases in flexibility when performing only resistance training utilized multiple sets of each exercise. Untrained young women ([@b8-ijes-10-03-354],[@b14-ijes-10-03-354],[@b17-ijes-10-03-354]), middle-aged women ([@b9-ijes-10-03-354]), and elderly women ([@b4-ijes-10-03-354]), all showed increases in flexibility when performing three sets of each exercise in a training session. Increases in flexibility have also been shown in training groups composed of both adult men and women performing three sets ([@b11-ijes-10-03-354]) and four sets ([@b10-ijes-10-03-354]) and, adult men performing three sets ([@b5-ijes-10-03-354],[@b16-ijes-10-03-354],[@b18-ijes-10-03-354]) of each exercise in a training session. While in elderly men in which training began with one set for four weeks progressing to two sets for four weeks, three sets for four weeks, and four sets for four weeks of each exercise, flexibility increases were shown over six months of training ([@b6-ijes-10-03-354]). Similarly, in elderly men, increases in flexibility were shown with training beginning with 2 sets progressing to 3 sets over 16 weeks of training ([@b7-ijes-10-03-354]). The studies training elderly men were not designed to determine whether different numbers of sets affected flexibility.

Whether or not different training volumes, such as different numbers of sets, affect flexibility is unclear. However, one study ([@b6-ijes-10-03-354]) does report that in elderly men, six months of resistance training with either 40, 60 or 80% of one repetition maximum does increase flexibility in an intensity dependent manner, so flexibility increased at various joints, ranging from 3--12, 6--22 and 8--28%, respectively. Exercise order, another variable, may also affect changes in flexibility. Agonist/antagonist training and an alternated upper and lower body exercise order, both, result in significant increases in flexibility ([@b14-ijes-10-03-354]). However, the effect size changes shown by the alternated order generally were large while the effect size changes shown by the agonist/antagonist training were moderate. The above two studies indicate resistance training variables can affect changes in flexibility.

Simão *et al.* ([@b16-ijes-10-03-354]) investigated the effects of 10 weeks of resistance training with one or three sets on flexibility in young men. Flexibility was measured using Sit-and-Reach test. Both, one and three sets per exercise, significantly increased range of motion at Sit-and--Reach test. However, no significant difference was shown between one and three sets per exercise and, only the three set training group showed a significantly greater increase in Sit-and-Reach flexibility compared to the control group, indicating flexibility changes may be affected by the number of sets performed.

The aforementioned studies demonstrated resistance training alone can increase range of motion or flexibility. These same studies also indicate training intensity and exercise order may affect changes in range of motion when performing only resistance training. So, we are aware of only one study ([@b16-ijes-10-03-354]) comparing the effects of different resistance training volumes (i.e., number of sets per exercise) might have on flexibility. Thus, there is a lack of studies examining the possible effects of different resistance training volumes, such as different numbers of sets, on flexibility over long training periods (greater than 10 weeks). Therefore, the purpose of this study was to investigate the effects of six months of resistance training with different number of sets per exercise (one, three, and five sets) on flexibility in men. The main hypothesis was resistance training would increase flexibility at some joints, but not at others and there would be a significant difference in flexibility changes between the number of sets per exercise performed.

METHODS
=======

Participants
------------

Forty-seven men (mean ± SD: age = 24 ± 1yrs; body mass = 79.39 ± 9.12 kg; height = 174.5 ± 5.6 cm) from the Brazilian Navy School of Lieutenants were volunteered for this study. Exclusion criteria were: a) the performance of another type of regular physical activity during the study; b) functional limitations to perform resistance training or the tests included in the study; c) medical limitation that could affect the training program; and, d) the use of nutritional or ergogenic supplementation. Subjects were experienced in traditional military training involving body weight exercises, such as push-ups, pull-ups, and abdominal exercises. The participants were not experienced resistance trainers and had not been performing flexibility training prior to the start of the study. Before data collection, all subjects answered the PAR-Q questionnaire ([@b15-ijes-10-03-354]) and read and signed an informed consent form. The study was approved by the Ethics Committee of the University.

Protocol
--------

On the first day, all anthropometric and flexibility measurements were made. On the second day, all flexibility tests were repeated to determine test-retest reliability. The tests were performed on two non-consecutive days prior to training with at least 48 hours between test days. This procedure allowed determination of test-retest reliability. The same flexibility tests were performed post-training using the same time line as pre-testing, by the same investigator, using identical procedures. All pre-training and post-training flexibility testing was conducted at approximately the same time of day (between 07:00 and 08:00 am). To prevent information bias during the measurements, the data collected during the first pre-training assessment and the data from the first and the second pre-training assessment were not available to the examiner in subsequent assessments. The Sit-and-Reach test was performed according to the procedures of American College of Sports Medicine (ACSM) ([@b2-ijes-10-03-354]). Before the test, a light warm up of two sets of four static stretching exercises was performed for the muscle groups involved in the test (hamstrings, hip flexor, quadriceps, and calf) with each set being 10 seconds in duration and a 10-second rest period between the sets and exercises. Immediately after the static stretches, Sit-and-Reach test was performed. The score used for statistical analysis was the best of three trials with 10-second rest periods between each trial ([@b2-ijes-10-03-354]). Immediately after the sit-and-reach test, flexibility was assessed by goniometry on 10 joint movements: shoulder flexion, extension, abduction and horizontal adduction, elbow flexion, hip flexion and extension, knee flexion, and trunk flexion and extension ([@b12-ijes-10-03-354]). To assess flexibility, the investigator adjusted the subject's body to the point of mild discomfort or anatomical limitation. The measurements were taken using a Lafayette Goniometer (Sammons Preston Rolyan \#7514, Bolingbrook, IL), following the procedures described by Norkin and White ([@b12-ijes-10-03-354]).

After pre-testing, subjects were randomly assigned into one of three training groups: one set (G1S; n=12; 24±1years; 79.7±9.4 kg; 177.9±5.2cm) three-sets (G3S; n=13; 24±1years; 76.2±8.1kg; 174.9±3.4cm) or five-sets (G5S; n=13; 24±1years; 82.2±10.7kg; 172.9±7.3cm), or into the control group (CG; n=09; 24±1years; 79.3±8.2kg; 173.2±3.4cm). Prior to each training session, the subjects performed a specific warm-up, consisting of 10 repetitions with approximately 50% of the load used in the first exercise of the training session. The exercise order for all training groups was: bench press (BP), leg press (LEG), latpulldown (LAT), leg extension (LE), shoulder press (SP), leg curl (LC), biceps curl (BC), abdominal crunch lying on the floor (ABD), and triceps extension (TE). The control group (CG) did not participate in the training program. Resistance training sessions were performed three days per week with 48 to 72 hours of rest between sessions (totaling 72 training sessions). All sets of each exercise were performed with 8--12 repetition maximum resistances until volitional failure, with a rest interval of 90 to 120 seconds between sets and exercises. Load was increased when more than 12 repetitions could be performed. Adherence to the training was at least 95% of all sessions, for all participants. If an individual performed less than 95% of the sessions, their test results were not used in the statistical analysis. All training sessions were monitored by an experienced investigator and the subjects were not allowed to perform aerobic or flexibility exercises during the training period.

Statistical Analysis
--------------------

Intraclass Correlation Coefficients (ICC) model ICC3,1, standard error of measurement (SEM), and minimal differences (MD) were used to assess flexibility reliability ([@b19-ijes-10-03-354]). The Shapiro-Wilk normality test and the homoscedasticity test (Bartlett criterion) were performed to evaluate data distribution. All variables showed normal distribution and homoscedasticity. Two-way analysis of variance (ANOVA) (time \[pre vs. post\] × group \[G1S vs. G3S vs. G5S vs. CG\]) were used to analyze differences among the groups for changes in flexibility (Sit-and-Reach and goniometry tests) pre- to post-training. When appropriate, follow-up analyses were performed using Tukey post-hoc tests. An alpha level of p \< 0.05 was considered statistically significant for all comparisons. Statistica 7.0 *(Statsoft, Inc., Tulsa, OK, USA)* statistical software was used for all statistical analyses. The calculation of the effect size (ES) and the scale proposed by Rhea ([@b13-ijes-10-03-354]) were used to examine the magnitude of any treatment effect.

RESULTS
=======

All flexibility assessments demonstrated high reliability. For the Sit-and-Reach test, ICC, SEM, and MD were 0.96, 1.46 and 4.04, respectively; 0.98, 2.07, and 5.73 for shoulder flexion, 0.92, 3.43, and 9.51 for shoulder extension, 0.92, 3.35, and 9.29 for shoulder abduction, 0.94, 1.86, and 5.16 for shoulder horizontal adduction, 0.96, 1.29, and 3.58 for elbow flexion, 0.98, 1.19, and 3.30 for hip flexion, 0.98, 0.56, and 1.56 for hip extension, 0.96, 1.33, and 3.69 for knee flexion, 0.96, 0.37, and 1.03 for trunk flexion, and 0.98, 0.22, and 0.60 for trunk extension, respectively.

The between group comparison demonstrated that only G5S compared to the CG (p \< 0.05) was statistically significant ([Figure 1](#f1-ijes-10-03-354){ref-type="fig"}). There were statistically significant differences for the sit-and-reach test when comparing pre-to post-training for all training groups (p \< 0.05). However, ES data revealed moderate improvements for G1S (ES = 0.96; Δ%= 24.5%) and small improvements for G3S (ES= 0.48; Δ%= 13.2%), G5S (ES = 0.52; Δ%= 17%), and CG (ES= 0.47; Δ%= 17.2%).

For the goniometry assessments, the flexibility test-retest reliability showed high ICC pre- and post-training, with values ranging between 0.92 and 0.98 of the ten joint movements measured. There were increased levels of flexibility when comparing pre- to post-training for shoulder flexion (G1S) and shoulder extension, elbow flexion and knee flexion (G3S) (p \< 0.05). The between group comparison did not present significant differences (p \> 0.05) ([Figures 2](#f2-ijes-10-03-354){ref-type="fig"}, [3](#f3-ijes-10-03-354){ref-type="fig"} and [4](#f4-ijes-10-03-354){ref-type="fig"}). ES data demonstrated trivial flexibility improvements in shoulder flexion (G5S: ES= 0.28; Δ%= 3.4%) and moderate in elbow flexion (G1S:ES= 0.83; Δ%= 4.1% and G3S: ES= 1.01; Δ%= 5.1%), knee flexion and trunk flexion (G3S: ES= 1.37; Δ%= 6.6%, and ES= 0.98; Δ%= 30.8%, respectively).

DISCUSSION
==========

The major finding of this study was that performing resistance training with no flexibility training increased flexibility results on sit-and-reach test and other goniometry measures. In addition, there were no significant differences in flexibility changes due to the number of sets per exercise performed. For the sit-and-reach test, all training groups increased in flexibility with no significant difference between the number of sets per exercise performed. However, only G5S demonstrated significant differences when compared to the CG. Effect size showed moderate improvements for G1S and small improvements for G3S and G5S in the sit-and-reach test. For goniometry, the different volumes of resistance training increased flexibility when compared to pre-training for shoulder flexion (G1S) and shoulder extension, elbow flexion and knee flexion (G3S) (p \< 0.05). Effect size data demonstrated moderate increases in elbow flexion (G1S and G3S), knee flexion and trunk flexion (G3S). In the other assessed movements (shoulder flexion and extension, shoulder adduction and abduction, hip flexion and extension, and truck extension) effect sizes indicated small or trivial changes. The CG showed no significant change in any of the flexibility tests and effect sizes indicated trivial increases or small decreases in flexibility.

The increase in flexibility shown in some, but not all movements examined in the present study can be due to limitations in our study, such as the use of machine-based exercises, since free weight exercises can train different range of motions and could show us different flexibility adaptations. The machine-based program was chosen because it was considered safer and it is common at training facilities. Our findings are in agreement with previous investigations showing increases in flexibility due to performing resistance training with no flexibility training ([@b4-ijes-10-03-354],[@b5-ijes-10-03-354],[@b8-ijes-10-03-354]--[@b11-ijes-10-03-354],[@b14-ijes-10-03-354],[@b16-ijes-10-03-354]--[@b18-ijes-10-03-354]) However, only four previous studies assessed the effects of manipulating resistance training variables on flexibility ([@b6-ijes-10-03-354],[@b8-ijes-10-03-354],[@b14-ijes-10-03-354],[@b16-ijes-10-03-354]). In a study comparing the effects of three different resistance training intensities on flexibility, Fatouros *et al.* ([@b6-ijes-10-03-354]) examined sedentary elderly men with a mean age of approximately 70 years during 6 months of training and 6 months of detraining. The results indicated flexibility changes are intensity dependent for training and detraining. Greater increases in flexibility were shown with training performed with higher intensities as well as flexibility increases were better maintained during detraining to whom performed higher intensities. Training with 40, 60 and 80% of one repetition maximum increased flexibility at various joints, ranging from 3--12%, 6--22% and 8--28%, respectively. After detraining, the flexibility of the groups that trained at intensities of 60 and 80% of 1RM was generally significantly greater than pre-training, while the flexibility of the group that trained with 40% of 1RM generally had decreased to pre-training values after detraining.

Santos *et al*. ([@b14-ijes-10-03-354]) assessed the effects of training with either an alternated upper/lower body exercise order or an alternated agonist/antagonist exercise order in young sedentary women. After eight weeks of training, both training groups increased strength and flexibility significantly from baseline and when compared to the control group. Recently, Kim *et al*. ([@b8-ijes-10-03-354]) examined the effects of traditional resistance training (two second concentric and eccentric repetition phases) and "SuperSlow" resistance training (10 second concentric and eccentric repetition phases) during four weeks of training on flexibility. Pre-training to post-training comparisons showed both groups increased Sit-and-Reach range of motion significantly (traditional resistance training = 11%, super slow training = 14.7%), but there was no significant difference between the two training groups. Thus some training variables may affect (i.e. intensity) while other training variables (i.e., exercise order and repetition velocity) may not affect flexibility increases.

Simão *et al*. ([@b16-ijes-10-03-354]) is the only study that investigated the effects of different number of sets (one vs. three) on flexibility. Both training groups, composed of young men showed significant increases in flexibility by the sit-and-reach test compared to pre-training, but only the group that performed three sets showed a significant difference compared to the control group post-training. The results of the present study agree with Simão *et al.* ([@b16-ijes-10-03-354]) in that all training groups increased flexibility by the sit-and-reach test, with no significant difference between training groups, the difference of the present study was that the five set group, was the only one group that showed a significant difference to the control group post-training in flexibility by the sit-and-reach test. Hence, the present study's results disagree with Simão *et al*. ([@b16-ijes-10-03-354]) in that greater training volume (number of sets performed) did not affect sit-and-reach flexibility increases. In the other 10 joint specific tests of flexibility no significant difference between training groups was shown.

Studies utilizing circuit weight training agree with the current study and those reviewed above in that resistance training increases or has no negative effect on flexibility ([@b5-ijes-10-03-354],[@b9-ijes-10-03-354]). In both of these circuit weight training studies training lasted 10 weeks and, after training, flexibility increased significantly in some (5 of 10 movements), but not in all the joint movements assessed.

The authors are aware of three studies comparing the effects of resistance training alone or in combination with another type of training on flexibility ([@b7-ijes-10-03-354],[@b11-ijes-10-03-354],[@b17-ijes-10-03-354]). Fatouros *et al.* ([@b7-ijes-10-03-354]) compared aerobic training, resistance training and the combination of both on flexibility in older adults; where the resistance training alone and the combined training showed significant increases in flexibility in seven of the ten joint movements measured. In contrast, Nóbrega *et al.* ([@b11-ijes-10-03-354]) compared the effects of 12 weeks of resistance training, flexibility training and the combination of both types of training on the flexibility of young adults, using the flexitest, and concluded that significant increases in flexibility were found only in the groups that trained flexibility alone or in combination with resistance training. Simão *et al.* ([@b17-ijes-10-03-354]) investigated the effects of resistance training alone, flexibility training alone and the combination of both performed for 16 weeks, on strength and flexibility gains. All training groups demonstrated increases in flexibility measured by sit-and-reach test when compared to pre-training and control group. In addition, effect sizes showed a large improvement in flexibility for all three training groups. There are methodological differences, such as age of the subjects, training duration and different methods determining flexibility between the current study and the studies referenced. However, all of these studies are in agreement that resistance training alone either increased flexibility or showed no significant negative effect on flexibility. Additionally, increases in flexibility due to performing resistance training or flexibility in combination with resistance training also do not negatively affect strength increases due to training.

The use of machine-based exercises can be considered limitations of the present study because free weight exercises can work at different ranges of motion, possibly leading to different flexibility adaptations. Thus, not all exercises used were optimal for the joints that were studied.

As practical applications we can conclude that resistance training results in no negative effects on flexibility, while demonstrating some increases in flexibility in some joints. Performing one, three, or five sets of each exercise in a resistance training program increased flexibility although it has no significant effects between groups on changes in goniometry assessment. Strength and conditioning coaches and other allied health professionals can expect increases in flexibility when resistance training is performed even without accompanying flexibility training.
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